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 Abstract  
The lack of sand and environmental hazards caused due to the deficiency 
of sand has led to the discovery of new materials for its replacement. Glasses 
are one of the materials that can be used to replace sand. Glass used in 
concrete making leads to greener environment. Recently, huge amount of 
sheet glass wastage goes to waste, which are not recycled and usually 
delivered to landfills for disposal. Other than that, natural resources are being 
reduced for collecting sand. Using glass powder in concrete is an intriguing 
possibility for economy on waste disposal sites and conservation of natural 
resources. 
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1.0  INTRODUCTION 
In the last few decades, it has been recognized that sheet glass produced 
was large in volume and it is increasing every year from the factories, 
construction areas and shops. Using waste sheet glass in the concrete 
construction sector is an advantage as the production cost of concrete will 
decline [1]. Glass is a dormant material, which could be recycled and used 
many times without changing its chemical properties. Attempts have been 
made in using crushed glass as fine aggregate in the replacement of sand 
[2]. Other than that, waste glass is crushed into specified sizes for use as sand 
replacement in various applications such as grit plastering, sand cover for 
sport turf, sand replacement in concrete and water filtration [3]. 
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2.0  THE PROPERTIES OF GLASS POWDER 
After waste glass has been collected, it will be crushed to know its properties. 
In this review, glass powder can be categorized into two properties; physical 
and chemical properties.  
 
2.1  PHYSICAL PROPERTIES 
Waste glasses are being collected from factories and granulated it to 
powder as to procure certain degree of sand replacement. After that, glass 
powder was procured by squashing waste glass pieces in a cone crusher 
factory. Table 1 shows the physical properties of glass powder. 
 
Table 1: The physical properties of glass powder [4]. 
 
Physical Properties Glass Powder 
Specific gravity 2.42 – 3.01 
Fineness <75 𝜇𝑚 
Colour White 
 
 
2.1.1 WORKABILITY 
By adding the glass powder, the slump loss with time is directly proportional 
to increase in the silica content due to the large surface area in the concrete 
mix by its addition. Although the slump decreases in height, the mix remains 
highly cohesive. 
 
2.1.2  SEGREGATION AND BLEEDING 
Glass powder reduces bleeding greatly because the free water is absorbed 
in wetting of the large surface area of the glass powder and consequently 
the free water left in mix for bleeding also decreases. Glass powder also 
blocks the pores in the fresh concrete and stops it from flowing, so water 
within the concrete is not allowed to come to the surface [5]. 
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2.2  CHEMICAL PROPERTIES 
Glass powder is considered as raw materials. These raw materials used for 
manufacturing of concrete consist mainly of lime, silica, iron oxide and 
alumina. These oxides interact and form a bond with one another at high 
temperature to form more oxide compound. The relative proportions of 
these oxide compositions are responsible for influencing the various 
properties of cement. Other than that, glass is a nebulous material with high 
silica content, thus making it potentially pozzolanic when particle size is less 
than 75μm [6]. Table 2 explains more on the chemical properties of glass 
powder. 
 
Table 2: The chemical properties of glass powder [7]. 
 
Chemical Properties Glass Powder 
Silica (SiO2) 72.50 
Alumina (Al2O3) 0.40 
Iron oxide (Fe2O3) 0.20 
Calcium oxide (CaO) 9.70 
Magnesium oxide (MgO) 3.30 
Sodium oxide (Na2O) 13.70 
Potassium oxide (K2O) 0.10 
Sulphur trioxide (SO3) - 
Loss of ignition 0.36 
Fineness % passing (sieve size) 80.00 (45μm) 
Unit weight, kg/m3 2579 
Specific gravity 2.58 
 
2.2.1  HIGH SILICA CONTENT 
Glass is one of the materials that have high silica content, thus making it 
possibly pozzolanic when particle size is less than 75μm [8]. This review paper 
has shown that finely ground glass does not endow to alkali – silica reaction. 
The main concern regarding the use of glass in concrete as sand 
replacement is the chemical reaction that took place between the silica-
rich glass particle and the alkali in pore solution of concrete, which is called 
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Alkali – Silicate reaction (ASR). It can be very detrimental to the durability of 
concrete, unless appropriate safety measures are taken to minimize its 
effects. This is an advantage in concrete making [9]. 
 
2.3  ADVANTAGES OF GLASS POWDER AS SAND REPLACEMENT 
The use of glass powder as sand replacement greatly amplifies the aesthetic 
appeal of the concrete [10]. The use of waste glass powder in concrete 
industry may moderate the problem of dumped waste glass and it is a smart 
choice for greener environment [11]. Usage of waste glass powder in 
concrete proved to be economical as it is very much cheaper than sand. 
Use of waste glass in concrete will reduce the disposal problem of waste 
glass and proved to be environmental friendly, thus paving for green 
concrete [12]. 
 
2.4  GLASS POWDER AS SAND REPLACEMENT IN CONCRETE 
Based on the past studies, research finding have proved that concrete 
made with glass powder have shown better long term strength and better 
thermal property. By adding the glass powder in concrete, it gives high 
percentage of C3S, low C3A, C4A4, C3S/C2S content, which result in 
production and endeavour greater resistance to the sulphate attack. Glass 
powder contains SiO2 and when it reacts with alkali in cement (pozzolanic 
reaction) to form cementation product, it helps enrich the strength and 
durability in concrete. Glass particle less than 90µm reacts and form 
cementation product and unreacted particles work as a filler and cut down 
the porosity of structure and make it dense, thus developed extra strength in 
glass structure [12]. Fig. 1 shows how dense it was for both normal cement 
and cement with glass powder structure. 
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Fig. 1: Normal cement structure and cement with glass powder structure. 
 
3.0  METHODS AND MATERIALS 
As a part of experimental investigation, diverse tests were conducted on the 
material to test their properties and also to find out the durability and strength 
characteristics of the concrete. Compressive strengths, flexural strengths and 
tensile strengths were measured using a compression testing machine with 
an under maximum capacity of 2000 kN. For all tests, each value was noted 
as the average of three samples. Test results for conventional concrete and 
glass powder concrete (with the replacement of 10%, 25% and 50%) for 3, 7 
and 28 days curing are categorized. 
 
3.1 T ESTS METHOD 
Three cube samples were prepared, which size 150x150x150 mm into steel 
mold. Before that, check the workability of the concrete, which is by 
conducting slump test. Then, curing the samples for 28 days. After that, the 
samples are taken out from curing tank and then it was dried for 24 hours. 
The cube sample used to regulate the compressive strength at 3, 7 and 28 
days [13]. 
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3.2  CURING SPECIMEN 
Curing is the process of avoiding the loss of moisture from concrete while 
maintaining a satisfactory temperature. Deliberately, curing is defined as 
process of maintaining satisfactory moisture content and benign 
temperature in concrete during the period immediately following 
placement, so that hydration of cement may continue until the desired 
properties are developed to sufficient degree to meet the specific criteria. 
After casting the mould, specimens were reserved in the laboratory and at 
a room temperature for 24 hours from the time at addition of water to dry 
the ingredients. After this period, the specimens are removed from the 
moulds and immediately drenched in clean and fresh water. The specimens 
were cured for 28 days [14]. 
 
3.3  COMPRESSIVE STRENGTH 
This test was conducted to evaluate the compressive strength and it’s very 
important to know property of concrete [18].The compressive strength test 
results for the concretes containing glass powder as sand replacement of 
cubes according to their age were very identical to each other. Three 
numbers of samples in each of concrete were advised to compression test, 
which is shown in Table 3 by using the compression testing machine. The 
concrete where sand was moderately replaced by glass powder showed 
an increase in compressive strength. The compressive strength increased as 
the level of restoration of glass powder increased the strength with the 
number of days of curing. The maximum compressive strength obtained was 
38.3 N/mm for 50% replacement at the end of 28 days [2] as shown in Fig. 2. 
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Table 3: Compressive strength of concrete cubes for conventional concrete vs 
glass powder concrete (N/mm2). 
 
 
 
 
 
 
 
 
 
Fig. 2: Compressive strength of concrete cubes for conventional concrete vs glass 
powder concrete by days. 
 
3.4  SULPHATE ATTACK TEST 
The test was conducted to determine the resistance of concrete to sulphate 
attack. The test method required preparing the concrete cubes of sizes 150 
x 150 x 150 mm. Three samples of conventional concrete and three samples 
of glass powder concrete were prepared. It was conserved for curing under 
water for 28 days. After the curing period, all samples were weighed and the 
weights were noted down. The samples are then immersed in 5% sodium 
sulphate solution and cured for another 28 days. Then the samples were 
taken out and the surfaces were cleaned. The weights of the samples were 
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taken again and percentage decrease in weights was arranged. Next, the 
samples were tested for its compressive strengths and the percentage 
decline in strength was noted down. Table 4 shows the degradation of 
weight in concrete specimens kept under curing in sodium sulphate solution. 
Table 5 shows the declination of compressive strength of concrete 
specimens kept under curing in sodium sulphate solution [2]. 
 
Table 4: Change in the weight of concrete. 
 
 
 
 
 
 
 
 
Table 5: Change in compressive strength of concrete. 
 
 
 
 
 
 
 
 
 
3.5  FLEXURAL STRENGTH 
Flexural strength is the one of the measures of tensile strength of concrete. It 
is the ability of a beam to resist failure in bending. It is measured by loading 
un-reinforced 150 x 150 mm concrete beams with a span 1200 mm. Beam of 
size 150 x 150 x 1200 mm were casted using M50 grade concrete. Specimens 
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with nominal concrete and glass powder concrete (glass powder is partially 
replaced with natural sand) were casted. During moulding, the beams were 
manually compacted using tamping rods. After 24 hours, the specimens 
were removed from the mould and undergo water curing for 28 days. After 
curing, the specimens were tested for compressive strength on a normal 
reinforced concrete. The bed of testing machine should be supported and 
these rollers should be hoarded that the distance from centre is 300 mm for 
1200 mm specimen. The beam is simply supported and subjected to one-
third points loading flexure failures. The maximum tensile stress reached in the 
modulus of rupture values for concrete using sand and glass powder [3]. Fig. 
3 shows the flexural strength of specimen. 
 
Fig 3: Flexural strength of specimens 
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3.6  SPLIT TENSILE STRENGTH 
The result of the average strength of cylinders is shown in Table 6. The 
concrete where sand was moderately replaced by glass powder showed a 
declination in split tensile strength. The split strength decreased as the level 
of replacement of glass powder increased. The strength increased with the 
number of days of curing. The maximum split tensile strength attained was 
3.22N/mm2 for 10% replacement of 28 days [2]. 
 
Table 6: Split tensile strength results. 
 
 
 
 
 
 
 
 
3.7  APPLICATIONS OF GLASS POWDER AS SAND REPLACEMENT FOR 
 CONCRETE BASED ON REVIEW PAPERS. 
1)  Esraa Emam Ali, Sherif H. Al-Tersawy 2012 - Recycled Glass as a Partial 
 Replacement for Fine Aggregate in Self Compacting Concrete  
 Glass has been indispensable to man’s life due to its properties, 
 including pliability to take any shape with ease, bright surface, 
 resistance to abrasion, reasonable safety and durability. Waste glass 
 creates serious environmental problems, mainly due to the 
 inconsistency of waste glass streams. With increasing environmental 
 pressure to reduce solid waste and to recycle as much as possible, 
 the concrete industry has adopted a number of methods to achieve 
 this goal. Self-Compacting Concrete (SCC) may lead to evolution of 
 a more quality controlled concrete, assuring a better workability and 
 avoiding human errors with regard to mixing and workability issues. On 
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 the other hand, it resolves the problem of noise and vibration during 
 installation. 
2) Bui Le Anh Tuan, Chao-Lung Hwang 2013 - Development of 
 Lightweight Aggregate from Sewage Sludge and Waste Glass 
 Powder for Concrete 
 Waste glass in the production of cement and concrete and glass 
 industries are facing a lot of challenges due to the high greenhouse 
 gases emissions, the intensive use of energy and the intensive use of 
 the earth’s natural resources. 
3) Veena V. Bhat 1, N. Bhavanishankar Rao 2014 - Influence of Glass 
 Powder on The Properties of Concrete  
 Glass is commonly used in building / construction industries and large 
 amount of glass is powdered daily. The disposal of waste glass is an 
 environmental issue as waste glass causes disposal problem. Today 
 the construction industry is in need of finding cost effective materials 
 for increasing the strength of concrete structures. Glass powder finer 
 than 600 μ is reported to have pozzolanic behavior. An attempt is 
 made to investigate the possibility of using the waste glass powder as 
 the partial replacement of ordinary Portland cement in concrete. 
By reviewing the work done by various researchers to investigate the effect 
of glass on strength of concrete, strength of concrete reduces when glass 
particle is used as fine aggregate in concrete. Then, the strength of concrete 
increases with reduction of glass powder particle size. In self-compacting 
concrete strength properties as well as workability reduces with increase in 
content of glass powder. Workability is found to be decreases in all types of 
concrete with increase in glass powder. 
 
4.0  CONCLUSION 
The main contribution of the glass powder in concrete is improving the 
microstructure of concrete (densify) especially with age, allowing a 
significant degradation in the pore system and generating greater durability 
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properties. The following of conclusions were drawn from the present 
investigations. Maximum compressive strength was achieved at 50% 
restoration [8]. Compressive strength of concrete increased by 7.5% when 
50% sand was replaced by glass powder. Tensile strength achieved its 
maximum value when sand was replaced by glass powder at 10% 
replacement level. Tensile strength increased by 6.2%. The flexural strength 
of the beam of concrete for all mix rise with age of curing and decreases as 
the glass powder content increases. Other than that, 100% replacement of 
glass powder in concrete showed better results than that of normal concrete 
at 28 days. Acid attack showed a reduction of weight by 6.8% for normal 
concrete and 7.24% for glass powder concrete [19]. The reduction in 
compressive strength for conventional concrete was by 5.66% and that for 
glass powder concrete was by 5.66%. Sulphate attack showed a reduction 
of weight by 1.49% for conventional concrete and 1.13% for glass powder 
concrete. The reduction in compressive strength for conventional concrete 
was by 3.3% and that for glass powder concrete was by 3.13% [20]. In other 
words, the use of glass powder in concrete improves the mechanical 
properties, which were its compressive strength, splitting-tensile strength and 
flexural strength. 
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